Cultural tourism has received widespread attention for its role in promoting cultural heritage and economic growth. However, there is insufficient research regarding how to verify the synergy between culture and tourism and how to ensure its sustainability in the integration of the cultural and tourism industries (CTI). This study establishes an interdisciplinary composite analytical framework from the perspective of efficiency evaluation. China, a country that has advocated the integration of CTI since 2009, is the research setting. The findings indicate that the technical efficiency of the tourism industry has increased significantly since the involvement of the cultural industry. Meanwhile, economically underdeveloped regions have opportunities to catch up with developed regions in terms of technical efficiency, and they perform better in terms of sustainable productivity growth. Importantly, U-shaped and inverted U-shaped curves were found in the coordinate systems composed of groups comprising the coupling coordination degree and the efficiency-related index, respectively. This finding reveals the existence of a running-in effect in the integration process of CTI, thereby contributing to both theory and policy-making.
Introduction
Cultural tourism is a subcategory of tourism in which travelers visit cultural attractions or regions with unique cultural or historical identities in order to experience new cultures and obtain new knowledge [1, 2] ; this form of tourism also indirectly promotes the preservation of local cultural heritage in addition to boosting economic growth [3] . The emergence of multiple market segments in cultural tourism has inspired scholars to pay attention to the integration and synergies between these segments [4] [5] [6] [7] . In 2018, the United Nations World Tourism Organization (UNWTO) published a report on Tourism and Culture Synergies, which covered survey data from 69 member states and 61 experts in related fields. This study confirmed that a broad integration scope of tourism and culture not only includes "tangible (e.g., national and world heritage sites, monuments, historical places and buildings, cultural routes) and intangible heritage (e.g., crafts, gastronomy, traditional festivals music, oral traditions, religious/spiritual tourism", but also "contemporary culture (e.g., films, performing The remainder of this paper is organized as follows. Section 2 is a literature review. Section 3 describes the evaluation framework and presents the evaluation models. Section 4 discusses the results and findings, and Section 5 concludes.
Literature Review
The term "culture industry" was first used in the book Dialectic of Enlightenment published in 1947 [24] . The commercialization and standardization of art and entertainment as a result of the cultural industry have promoted widespread public acceptance of cultural consumption, although there is controversy regarding its potential negative impact [25, 26] . Meanwhile, the tourism industry is one of the fastest-growing industries in the world [27] . Specific focus on the cultural aspect of the tourism experience marks a new stage of tourism development that began in the mid-1980s [28] . Cultural tourism is the most common keyword in this field. It is widely acknowledged that culture is not a bounded, unchanging entity, which has led to the fact that defining cultural tourism is difficult and complex [29] . The definition of cultural tourism by the UNWTO from both broad and narrow approaches has gained greater consensus. In their broad definition, "All movements of persons might be included in the definition because they satisfy the human need for diversity, tending to raise the cultural level of the individual and giving rise to new knowledge, experience and encounters." Their narrow definition is restricted to "Movements of persons for essentially cultural motivations such as study tours, performing arts and cultural tours, travel to festivals and other cultural events, visits to sites and monuments." Estimated by the broad definition, the number of international cultural tourists accounts for about 40% of the total number of international tourists [8] .
Culture is not only a tourism resource from a supply perspective but also a psychological need of tourists from a demand perspective [30] . The attributes and behaviors of cultural tourists are of primary concern from a tourism demand point of view. Age, education, and income have proven to have positive effects on people's engagement in cultural tourism activities [11, 31, 32] . Higher incomes, higher levels of education, and better cultural and aesthetic knowledge are common features of tourists engaged in cultural tourism, such as heritage and art tourism [33, 34] . In other words, cultural tourism attractions are more likely to appeal to individuals with higher socioeconomic status [35] [36] [37] . Through an analysis of more than 20,000 questionnaires, Artal-Tur found that cultural tourists spend more money, stay longer, and have higher tourism satisfaction levels than do ordinary tourists [38] . Therefore, the cultural tourism market is highly valued by enterprises and the market owing to its high consumption, good quality, and relatively stable visitor flow [39] . From the perspective of tourism supply, cultural facilities and activities, such as cultural festivals, art galleries, and historic sites, are the main attractions for cultural tourists [40] . Among the various cultural tourism products, art museums and galleries in major European cities are "must-see" attractions; these include the National Gallery in London and the Louvre in Paris [34] . In addition to cultural tourism facilities, individuals engaged in cultural production play a key role in exploiting the cultural capital concentrated in the major historical centers of Europe [31] . Cultural tourism enables those who have given up their indigenous identities to relearn some of the cultural habits of their ancestors, enhancing national identity and promoting employment [41] .
Synergy is an emerging branch of cultural and tourism research. Although slightly different in meaning, the term "synergy" is often associated with the terms integration, coordination, and convergence to express a similar trend between these two industries [7, 42] . In some representative theoretical studies, Zhang put forward the mechanism model of CTI convergence, which can be elaborated on from the aspects of technology, product, enterprise, and market [43] . Richard indicated that the rapid development of new technologies, such as augmented reality and mobile devices, has promoted cultural tourism transformation in recent years, and the convergence of CTI will bring new market opportunities for traditional cultural tourism [42] . In empirical research, Picard, in a case study of Bali, confirmed that tourism is not an external force that impacts the tourist destination but instead plays an important role in the formation and integration of Balinese culture [6] . Zhang applied the coupling coordination degree from the field of physics to analyze the coordination between culture and tourism [14] . Although these studies seem relatively scattered, the synergies of CTI have become a new topic of concern for researchers and international organizations, including the UNWTO [8] .
In the field of sustainable development of culture and tourism, the issue of integration, closely related to the synergy effect, attracted the attention of Loulanski in 2011. In line with the widely recognized concept of "sustainability" or "sustainable development" [44] , Loulanski reviewed 483 works to arrive at 15 generalized factors affecting the sustainable integration of cultural heritage and tourism [7] . "Controlled/balanced growth of tourism development" is one of the most important aspects that can be quantitatively measured. However, the study did not give a specific plan for further sustainable evaluation.
Evaluation of the economic impact of culture on tourism has long been a focus of research. The development of cultural tourism has enhanced visibility regarding its economic significance, such as stimulating tourist flows, promoting income and employment, and protecting cultural heritage [45] . Ticket revenues from cultural events, such as exhibitions and performances, are positively correlated with the number of domestic and international tourists, while noncultural activities remain statistically insignificant [9] . However, some disputes and doubts exist regarding the economic attractiveness of such tourism for certain cities [46, 47] . A special issue of the Journal of Cultural Economics in 2017 focused on the relationship between cultural tourism and the economy [48] . A series of articles explored cultural-tourism-related topics from an economic perspective, such as the behavior characteristics of cultural tourism consumers and the attractiveness of cultural tourism facilities to tourists. [49] . Srakar and Vecco discussed the impact of tourism arising from large-scale cultural events on an economy, especially on a macro level [50] . This study provided evidence for a positive relationship between the cultural and economic effects of tourism.
In the field of tourism economy research methodology, Fuchs and Matthias introduced the DEA benchmarking method to the efficiency evaluation of service production processes at tourism destinations [12] . Since then, a series of studies have analyzed the efficiency of tourism-related economies. Bosetti applied DEA to evaluate sustainable tourism management in 20 regions of Italy [13] . Cracolici extended this evaluation to 103 regions in Italy and compared the difference between a stochastic production function and DEA [51] . In order to further explore the factors influencing tourism destination efficiency, some studies adopted a two-stage DEA method to study France [52] , Spain [53] , Italy [54, 55] , and the entire world [56] . With continuously improving tourism time series data, the introduction of TFP enables DEA efficiency analysis to provide more in-depth productivity progress comparisons [57] . Some researchers have further extended the use of the DEA method to cultural tourism facilities and destinations [58] [59] [60] .
This study explores the synergy in the integration process of CTI and its sustainability. From an efficiency evaluation perspective, we adopted an empirical strategy and conducted research based on panel data from China.
Methodology

Analytical Framework and Data
To verify the synergy effect and its sustainability, a conceptual model is proposed to clarify the relationships among the tourism industry, cultural industry, and sustainable development. The sustainable CTI in this research is defined as an overlap of these three concepts, as shown in Figure 1 . In this conceptual model, CTI is constantly coordinating in the process of integration. From an efficiency evaluation perspective, the coordinated quality of the system can be measured by its efficiency. As the synergy effect is usually the result of coordination [61] , positive synergies can increase the efficiency-related index, whereas negative synergies reduce the efficiency-related index. Although sustainability is a target, including progress in economic, environmental, and socio-cultural areas [45] , we should also consider the cost aspect. Therefore, the economic growth of CTI productivity can be viewed as an important sign of achieving sustainability. In efficiency evaluation, the choice of input and output indicators and data availability are key issues. Referring to the Cobb-Douglas production function model and relevant literature [12, 62] , for this research we selected human resources and investment from both industries as inputs and economic outcomes as the outputs for CTI efficiency evaluation. Specifically, tourism fixed assets were used as a tourism investment indicator, the number of employees in the tourism sector was used as a tourism human resources indicator, and the total income of tourism enterprises was used as a tourism revenue indicator. Input in cultural undertakings was used as a cultural investment indicator, the number of employees in the cultural sector was used as a cultural human resource indicator, and the total income of the cultural sector was used as a cultural revenue indicator. In order to study the impact of the cultural industry on efficiency, the efficiency of the tourism industry was defined separately. The differences in the indicators between the tourism industry and CTI in the efficiency evaluation are shown in Table 1 . Furthermore, panel data from 31 provinces, regions, and municipalities in China (excluding Hong Kong, Macao, and Taiwan) from 2010 to 2016 were used. By using the price index, nominal investments and revenue were used in real terms, without taking the influence of price changes into account. All data were taken from The Yearbook of China Tourism Statistics, Statistical Yearbook of China, and Statistical Yearbook of Chinese Cultural Relics. A composite analytical framework consisting of three dimensions was established based on the efficiency evaluation, as shown in Figure 2 . For the dimension of efficiency, the CTI was regarded as a system or black box, and its technical efficiency was measured using the SBM model of DEA. In this study we further examined synergies by comparing efficiency-related indicators between CTI and the tourism industry. For the dimension of sustainable productivity growth, the Malmquist index, based on the efficiency measures above, was applied to assess productivity performance over the years. Regarding coordination evaluation, the coupling coordination degree model was used to further clarify the characteristics of the process of CTI coordination, as both input and output indicators are important characterizations of the corresponding industries. 
SBM-DEA Model
DEA is a systematic analysis method proposed by Charnes, Cooper, and Rhodes [63] . As DEA has invaluable advantages in dealing with multi-input and multi-output indices, it has been widely used in different industries and sectors. The SBM model is a nonradial DEA method proposed by Tone in 2011, which deals with the slacks directly to make the measurement of the efficiency of decision-making units (DMUs) more realistic and accurate [64] .
Let us define x ij (i = 1, 2, . . . , m) as inputs of DMU j (j = 1,2, . . . , n) and y rj (r = 1, 2, . . . , q) as outputs of DMU j . The output-oriented SBM model for this study is represented in Equation (1):
where ρ represents the technical efficiency from the SBM model of constant returns to scale (CRS); k represents the current DMU to be measured; λ j is the coefficient of linear combination of DMU j ; and S + and S − are the deficiency of output and redundancy of input, respectively. ρ = 1 and S + = S -= 0 indicates that the DMU is efficient and there is no input redundancy or output deficiency. ρ < 1 indicates inefficiency. Referring to the relevant literature [65] , the efficiency values in this research were further categorized into four levels as follows: ρ = 1 represents superior efficiency, 0.8 ≤ ρ < 1 represents high efficiency, 0.6 ≤ ρ < 0.8 represents moderate efficiency, and 0 ≤ ρ < 0.6 represents low efficiency.
In order to explore the impact of cultural industries on efficiency, we measured and compared efficiency-related indicators from the tourism industry and CTI. According to the SBM model, when the efficiency value is less than 1, the magnitude of the slack movement can reflect the cause of the efficiency loss [64] . Therefore, the redundancy rate of input can be calculated by dividing each input slack movement of CTI efficiency by the corresponding input value. Meanwhile, the deficiency rate of the output can be calculated by dividing each slack output movement of CTI efficiency by the output value.
Malmquist Index of TFP
The Malmquist index of TFP was introduced by Malmquist in 1953 [66] . By combining the Malmquist index and DEA theory, Fare proposed an intertemporal variation of the Malmquist index to measure productivity growth [67] . To decompose the results more accurately and improve the analysis, in this research we used the global Malmquist productivity index method, which gives a single measure of productivity change [68] . The Malmquist index, represented in Equation (2), can be divided into technical efficiency change (EC) and technical change (TC) through Equation (3). Therefore, it can be applied to measure the internal relationship between EC, TC, and TFP. For the SBM model with the constraint e λ = 1, Equation (3) can further decompose the EC into pure technical efficiency change (PEC) and scale effect change (SEC), as shown in Equation (4) [69] .
where M is the Malmquist index of TFP for the DMUs; E represents the efficiency value calculated by the DEA model; and t and t + 1 represent different time periods. The superscript of E indicates the benchmark, and g indicates the global attribute. If the Malmquist index, or its decomposition, is greater than 1, it indicates that the corresponding M or its decomposition is improved; in contrast, if it is less than 1, it indicates deterioration. In this study, the technical efficiency of the SBM and the Malmquist index were calculated using MaxDEA 7.0 software provided by Beijing Realworld Software Company Ltd of China.
Model of the Coupling Coordination Degree
As a tool for assessing two or more systems, the coupling coordination degree is a combination of the coupling degree and coordination degree. Coupling originates from physics and refers to the phenomenon in which two or more systems interact with each other in various ways to achieve synergies [70] . In this study, the coupling degree is the level of nonlinear relationships of mutual interactions between CTI. However, as the coupling degree does not accurately suggest the level of development, we further integrate a coordination degree to make up for this deficiency [71] . In this research, input-output indicators were used for evaluating the coupling coordination degree of CTI. The calculation process is as follows.
(1) Data Standardization As all indicators in this study were positive, Equation (5) was adopted for standardization of the data:
where c i and t i present standardized values of the input and output indicators of the CTI, respectively.
(2) Comprehensive Evaluation Index This can be regarded as the contribution of a subsystem to the overall system, calculated using Equations (6) and (7):
where U c and U T represent the comprehensive evaluation indices of the cultural and tourism industries, respectively, and a i and b i are the weight of each indicator. Given the equal importance of input and output indicators in CTI, the weight of this study was distributed as follows: When all indicators were included in the evaluation, the two input indicators were given a weight of 0.25 each, and the output indicator accounted for 0.5. When only the input indicators were included, each indicator had a weight of 0.5.
(3) The coupling degree C CTI of CTI can be calculated using Equation (8) .
(4) The coordination degree can be calculated using Equation (9):
where T represents the coordinating index. The weight values α and β were set to 0.5 for each because of their equal significance for CTI. (5) The coupling coordination degree can be calculated using the following equation:
where D represents the coupling coordination degree. In line with the related research [71] , in this study we categorized the coupling coordination degree into the following four levels: 0.8 < D ≤ 1 represents a superior coupling coordination degree, 0.5 < D ≤ 0.8 represents a high coupling coordination degree, 0.4 < D ≤ 0.5 represents a moderate coupling coordination degree, and 0 < D ≤ 0.4 represents a low coupling coordination degree. [73] . In addition, the China Tourism Law was promulgated at the end of 2013, which further promoted the integration of CTI. However, as the growth of the world economy weakened considerably in 2012 [74] , the sensitive tourism industry was clearly negatively affected, as noted in in Figure 3 . We selected three years for comparison, and the change in technical efficiency values across the regions can be clearly observed in Figure 4a -c. In 2010, the technical efficiency of 7 regions in China was 1, 10 regions were between 0.8 and 1, 11 regions were between 0.6 and 0.8, and other areas were below 0.6. In 2013, the number of regions with a technical efficiency value of 1 decreased to five. Meanwhile, 45.2% of the regions downgraded their efficiency levels, while an equal ratio (45.2%) maintained their ratings, which resulted in a decline in efficiency in this year. Compared with 2013, the number of regions with a technical efficiency value of 1 increased to eight in 2016. Meanwhile, the number of regions with improved efficiency levels was equal to that of regions that had maintained their efficiency ratings (38.7%), causing a small efficiency rebound in 2016. In terms of the mean regional technical efficiency of CTI, the efficiency distribution was not completely consistent with the three economic zones of China, as shown in Figure 4d . Beijing, Shanghai, and Tibet have the highest efficiency and have always been at the efficiency frontier. In addition, the efficiency values of 11 regions reached at least 0.8 (Qinghai, Tianjin, Jiangsu, Shanxi, Fujian, Guizhou, Gansu, Guangdong, Hunan, Chongqing, and Guangxi). The efficiency in other regions was moderate or low. When classified according to China's three economic zones, the efficiency means of eastern, central, and western China were 0.808, 0.748, and 0.763, respectively. Although the economically developed eastern region still has obvious advantages, the economically underdeveloped western region surpassed the efficiency of the central region. In line with research findings on the catch-up effect of tourism in economically underdeveloped regions [75] , the data suggest that these regions still have the opportunity to make full use of cultural and tourism resources to achieve better efficiency.
Results and Findings
The Role of Cultural Industries in CTI Efficiency
The involvement of the cultural industry has positively improved the efficiency-related indicators of the tourism industry. Comparing the geometric means of efficiency values of the tourism industry with those of CTI in Table 2 , the CTI efficiency in the past seven years was 0.776, which was 0.286 higher than that of tourism industry. The involvement of the cultural industry effectively reduces the redundancy rate of one of the inputs and the deficiency rate of the output. Specifically, the redundancy rate of tourism human resources decreased by 12.5%, and the deficiency rate of tourism revenue decreased by 60.7%. There was no significant change in the redundancy rate of tourism investment. The deficiency rate of tourism revenue is much higher than other indicators, which indicates that the tourism industry still has great efficiency growth potential in the integration process of CTI. Table 2 . A comparison of input and output optimization of CTI and the tourism industry in China 1 .
Provinces and Regions
The From a regional perspective, the involvement of the cultural industry has had some negative impacts on efficiency-related indicators in a few provinces and regions. It has increased the redundancy rate of tourism investment in Hebei, Hainan, Sichuan, and Ningxia. Meanwhile, it has also increased the redundancy rate of tourism human resources in Shandong, Guangdong, and Hainan. This performance in terms of efficiency has confirmed that the process of integrating culture and tourism may have a negative synergy effect on local social culture, as observed in some studies [76] . Therefore, simply increasing the corresponding cultural and tourism inputs in these regions is no longer the key to their effective integration and development.
Evaluation of the Sustainable Growth of Productivity: The Malmquist Index and its Decomposition
As a benchmark for measuring sustainable productivity growth, the Malmquist index during the study period was 1.021, which indicates that the TFP was in the positive process of growth, with an average annual growth rate of 2.1%. Although the index fluctuated between years as shown in Figure 5 , its value was basically above 1, indicating that the overall productivity growth of CTI was good and sustainability was achieved. The decomposition of the Malmquist index confirmed that TC is the key contributor to the progress above. The value of TC for the past seven years was 1.038, with an annual growth rate of 3.8%, which is higher than the Malmquist index. The data suggest that the technology used in the CTI in China has been continuously improved. Conversely, the value of PEC from 2010 to 2016 was 0.987, with a decrease of 1.3%, and the value of SEC was 0.996, with a decrease of 0.4%. Both the PEC and SEC saw a slight reduction during the study period and are the main factors restricting TFP improvement of CTI in China. The positive effects of TC offset the negative effects of PEC and SEC, forming an overall trend of TFP growth. Data on the decomposition of the Malmquist index suggest that encouraging sustainable technological advancement and innovation through policy-making is an effective means for achieving sustainable productivity growth.
Regarding the provinces and regions, the Malmquist index of a majority of the regions performed well, especially in western China. As shown in Figure 6 , 71% of the regions had Malmquist index values greater than 1, which implies that productivity has grown continuously. Moreover, 50% of the abovementioned provinces with increased productivity are from the western region, and 36.4% are from the eastern region. The eastern, central, and western regions each account for one-third of the regions where the Malmquist index regressed. According to China's three economic zones, the western region had the highest productivity growth rate of 3.6%, while the growth rates in the eastern and central regions were 1.5% and −0.4%, respectively. In its decomposition, we found that TC was the common factor driving the growth of the Malmquist index for the three economic zones, with the growth in the western region still being highest. In addition, only the SEC in the central region was greater than 1, and other decompositions of the Malmquist index were all less than 1. These data suggest that factors such as new technologies and management innovations provide strong support for sustainable productivity growth in the western part of China. It is worth mentioning that the Malmquist index in the province of Tibet was significantly higher than that in other provinces. Even if we refer to the relevant literature to exclude possible outliers such as Tibet [77] , the mean value of the Malmquist index of the remainder of western regions was still higher than that of the eastern regions. 
Evaluation of Coordination: The Coupling Coordination Degree of CTI
General Characteristics of the Coupling Coordination Degree
The general coupling coordination degree of the CTI was around 0.4 from 2010 to 2016, near the boundary of moderate and low coupling. For comparison, we further calculated the coupling coordination degree according to the input and output separately; the results were basically consistent with the combined general trend, which is shown in Figure 7 . The coupling coordination degree of the input hovered between 0.4 and 0.5, which is a moderate level. The results of the output hovered between 0.3 and 0.4, which is a low level. The obvious resonance relationship of the various trend lines indicates that overall coordinated development of the CTI can only be achieved through the coordinated development of the inputs. From the regional perspective, the coupling coordination degree of CTI was spatially higher in the eastern regions than in the central and western regions, as shown in Figure 8 . The provinces with moderate and low coupling coordination degree accounted for 19.4% and 38.7% of all Chinese provinces, respectively, which indicates that China's overall level is not high. According to the classification criteria, 31 regions in China can be classified into four categories. The regions with superior coupling coordination degree include four economically developed eastern provinces and regions: Guangdong, Zhejiang, Jiangsu and Beijing. Of the nine high coupling coordination areas, 44% are in the east, 33% in the center, and the rest in the west; these regions are Shanghai, Shandong, Sichuan, Fujian, Henan, Hunan, Hebei, Hubei, and Shaanxi. There were six regions with moderate coupling coordination, of which 83.3% are from central and western China; these are Yunnan, Anhui, Liaoning, Shanxi, Chongqing, and Guangxi. The remaining 12 were low coupling coordination areas, 75% of which are distributed in relatively underdeveloped western China. 
Comparison of the Coupling Coordination Degree and CTI Efficiency
To explore the relationship between CTI coordination and efficiency, we further compared the relationships between efficiency-related indices and groups classified by the coupling coordination degree. According to the classification criteria of the coupling coordination degree in this research, the 31 provinces and regions in China were classified into four groups. A U-shaped curve was found in the coordinate system composed of the groups of coupling coordination degree and technical efficiency, as shown in Figure 9a . Furthermore, inverted U-shaped curves were found in the coordinate system composed of the groups of the coupling coordination degree and the redundancy rate of input or the deficiency rate of output, as shown in Figure 9b . The emergence of these curves suggests that a running-in effect exists in the integration and coordination process, which can be roughly divided into two stages. In the first stage, as the coupling coordination degree increases, there is an increase in the input redundancy rate and the output deficiency rate, as well as a decline in technical efficiency. This indicates that blindness and inefficiency of investment may be an inevitable stage leading to negative synergies at the beginning of an increase in CTI input. In the second stage, as the coupling coordination degree further increases, there is a decrease in the input redundancy rate and the output deficiency rate, as well as an increase in technical efficiency. Thus, regional CTI forms a benign comprehensive development trend and achieves positive synergy in integration and innovation. As a trend consistent with that found in certain previous studies [78, 79] , efficiency, or the synergistic running-in phenomenon revealed by the U-shaped curve, is of great significance to better understanding the process of integrating CTI and to formulating corresponding policies. 
Comparison of the Coupling Coordination Degree and Malmquist Index
In order to explore the relationship between coordination and sustainable productivity growth, we used a scatterplot matrix of the coupling coordination degree and the Malmquist index, as shown in Figure 10 . The matrix was divided into four quadrants by D ≤ 0.5 < D, M ≤ 1 < M. Quadrant I is an area with strong coupling coordination degree and sustainable productivity growth in both industries, accounting for 32.3% of all regions, which includes 60% of the eastern regions, 20% of the central regions, and 20% of the western regions. This distribution indicates that regional economic development has an obvious influence on the two indices, such as in the case of Guangdong and Jiangsu, which had the best coupling coordination degree and Malmquist index, respectively. However, the less-developed areas, such as Sichuan and Shannxi, still have the opportunity to enter Quadrant I through a high level of coordinated input and innovation. Quadrant II represents areas with a weak industrial coupling coordination degree but strong sustainable productivity growth, accounting for 35.5% of all regions, which includes 82% of the western regions. Quadrant III is an area with poor performance in both indicators, accounting for 22.6% of all regions, which includes 43% of the western regions, 28.5% of the eastern regions, and 28.5% of the central regions. We believe there are various reasons for the distinctive difference between Quadrants II and III. Given the phenomenon revealed in Section 4.3.2, the emergence of U-shaped curves indicates that the two industries usually need to go through the running-in period to achieve better efficiency, which may lead to differentiation in productivity growth. Additionally, other factors such as innovation [80] and life cycle [81] may also impact productivity growth performance. Quadrant IV is an area with strong industrial coupling coordination degree but weak sustainable productivity growth, accounting for 9.7% of all regions, including Beijing, Zhejiang, and Henan. This situation probably indicates that regional culture and tourism development have entered a more mature stage in their life cycle, and productivity growth will face greater downward pressure without innovation. 
Conclusions and Implications
In this study, an efficiency evaluation was introduced to establish an analytical framework for exploring the existence of sustainable CTI synergies. We regarded the two industries as a black box and applied the SBM model, the Malmquist index, and the coupling coordination degree to evaluate the technical efficiency, sustainable growth of productivity, and coordination level from an economic perspective. Referring to the Cobb-Douglas production function model, we selected human resources and CTI investment as input indicators, selected revenue as an output indicator, and used China as a case study. Panel data for 31 provinces and regions from 2010 to 2016 were used, which was consistent with the period during which China promoted CTI integration and coordination and issued relevant policies. The main conclusions of this research are below.
(1) The mean value of CTI efficiency after involving the cultural industry was significantly higher than the efficiency value of the tourism industry alone, indicating that achieving synergy is beneficial to the tourism industry. To compare efficiency differences, we controlled the indicators and further calculated the redundancy rate of input and the deficiency rate of output. The results suggest that CTI synergies not only improve tourism industry efficiency by 0.286 but also reduce the redundancy rate of tourism human resources and the deficiency rate of tourism revenue. Therefore, we believe that integrating culture generally achieves synergy with the tourism industry. This result is consistent with the phenomena disclosed in the previous literature. Tourists regularly show great interest in the arts, dance, legends, and other distinctive cultural symbols, which are gradually forgotten by the younger generation in the destination. The re-emergence and re-presentation of these symbols reflect their symbiotic relationship [8] . In addition, we noticed that CTI integration had no positive synergy with input redundancy rate and output deficiency rate in some regions, instead exhibiting the opposite effect, which is in line with certain empirical studies regarding the negative impact of tourism on culture [76, 82] . The coexistence of positive and negative synergies revealed in the efficiency evaluation provides us with a new perspective on the complexity of the sustainability of the CTI integration process.
(2) Some economically underdeveloped regions have opportunities to catch up with developed regions and even perform better in terms of technical efficiency and productivity growth. In this study, the SBM model of DEA was used as a tool to evaluate the CTI, which were considered black boxes. We found that the curve of technical efficiency was generally good and acceptable from the time perspective, but it decreased slightly during great fluctuations, the causes of which can be found in positive macro policies and the negative external economic environment. The technical efficiency values of Beijing, Shanghai, and Tibet reached 1, achieving superior efficiency. In line with China's three economic zones for regional division, we noticed that the technical efficiency of the underdeveloped western region surpassed that of the central region, second only to the developed eastern region. In addition, the Malmquist index and panel data were applied to evaluate the TFP over the period. The data suggest that the western region has surpassed the eastern and central regions in terms of productivity growth sustainability. Although there is controversy over the impact of the tourism industry on the balanced development of the region [83] , the data in this research indicate that the economically underdeveloped regions have an opportunity to perform better. This implies that encouraging coordinated input in CTI in underdeveloped regions will not always lead to efficiency loss as a traditional mindset might imply [84] .
(3) The U-shaped and inverted U-shaped curves between the groups of coupling coordination degree and the efficiency-related index revealed the running-in effect in the process of integrating CTI. The general results of the coupling coordination degree follow the trend that the economically developed regions are better than the economically underdeveloped regions. However, we further analyzed the relationship between the groups of coupling coordination degree based on technical efficiency, redundancy rate of input, and deficiency rate of output, respectively. The U-shaped and inverted U-shaped curves imply that a temporary uncoordinated and inefficient phase, called the running-in effect, is inevitable. This effect is largely because there are too many comprehensive factors behind innovation success [85] . The future of CTI integration lies in the adoption of new technologies and the use of creativity and innovation to build new cultural tourism attractions [48] . Meanwhile, the decomposition of the Malmquist index in this study confirmed that technological advancement is the key to driving the progress of TFP. Therefore, policy-making can benefit from the running-in effect. From a macro perspective, policies that encourage technological advancement and shorten the period of the running-in effect should be targeted.
Some issues still require further study. First, the exploration and measurement of sustainable synergies between the CTI requires more variety in the data and methods used, as sustainability is a combination of multiple aspects. Owing to data limitations, in this study we only conducted research from the perspective of economic and efficiency evaluation. Although it implies achieving sustainability to some extent, the process remains a black box. Second, the specific impact mechanism of the life cycle or other theories on CTI synergies needs further explanation. In the comparison matrix of the coupling coordination degree and Malmquist index, many western economically underdeveloped regions in China showed strong sustainable productivity performance growth with a low coupling coordination degree, while some traditional economically developed regions were the opposite. Finally, it is of great significance to further evaluate and explain the negative synergy that exists in certain areas, which can provide a reference for local governments regarding when to intervene in the cultural tourism market.
